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Summary. The study of physical-chemical factors and 
pathways leading to cholesterol crystallization in bile 
has important clinical relevance. The major processes in 
cholesterol gallstone formation can be subdivided into 
nucleation, formation and precipitation of solid crystals 
(crystallization), crystal growth, crystal agglomeration 
and stone growth. A clear understanding of the 
microstructural events occurring during the earliest 
stages of these processes in bile is crucial for the 
identification of factors possibly delaying or preventing 
precipitation of cholesterol crystals and, therefore, 
gallstone formation in bile. 
Detection and characterization of microstructures in 
native and model biles can be achieved by both direct 
and indirect techniques. Direct imaging techniques 
provide more readily interpretable information, but 
sample preparation problems, particularly for electron 
microscopy, are a source of artifacts.  Moreover, 
microscopic techniques provide only qualitative data 
without the possibility to quantitate or to analyse the 
composition of microstructures. Several indirect 
techniques have been used to obtain additional 
microstructural information about nucleating bile. These 
techniques have the disadvantage of often being model 
dependent in addition to constraints specific for each 
method. 
The systematic, judicious use of a combination of 
complementary direct and indirect techniques have led 
to a comprehensive understanding of the various 
microstructural processes and interactions occurring 
during bile secretion, flow in the biliary tract and storage 
in the gallbladder. This forms the basis for our current 
understanding of cholesterol nucleation, crystallization 
and gallstone formation. 
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Introduction - The pathway to cholesterol gallstone 
formation 
Bile is secreted from the liver into the biliary tree, 
through which it flows to the duodenum. In the 
interdigestive period bile is stored in the gallbladder. 
Following cholecystokinin stimulation during digestion, 
it is delivered in a concentrated form into the gut (Carey 
and Cahalane, 1988). Bile is composed of over 90% 
water and about 10% solutes, mainly biliary lipids- 
cholesterol,  bile acids and phospholipids. Other 
components of bile include proteins (glycoproteins, 
mucins), pigment (bilirubin),  electrolytes and 
xenobiotics (Harvey et al., 1985; Carey and Cahalane, 
1988). Cholesterol in bile is present as free cholesterol. 
Bile acids are present as salts of primary bile acids 
(cholic and chenodeoxycholic acid) and their intestinal 
dehydroxylation products (deoxycholic and lithocholic 
acid, respectively). All bile acids in bile are conjugated 
with glycine or taurine (Carey and Cahalane, 1988). 
Biliary phospholipids are composed mainly of 
phosphatidylcholine (about 95%) and small amounts of 
phosphat idyle thanolamine and phosphatidylserine 
(Angelic0 et al., 1992). These phospholipids are a 
mixture of molecular species having primarily palmitic 
or stearic acid in the sn-l  position and less saturated 
fatty acyl chains in the sn-2 position (Hay and Carey, 
1990). 
Bile is the only significant pathway for the excretion 
of cholesterol, and about half of the biliary cholesterol is 
lost in feces. The hydrophobic cholesterol is solubilized 
in bile at a concentration of 5-50 mM, which exceeds 
over 100,000 fold its water solubility. This solubilization 
of cholesterol molecules is made possible by the two 
ampiphilic lipid molecules-bile salts and phospholipids 
(Cabral and Small, 1989). Together, the three biliary 
lipids form micellar and lamellar-vesicular structures 
that serve as cholesterol "carriers" in bile (Admirand and 
Small, 1968; Carey and Small, 1978; Somjen and Gilat, 
1983, 1985). These structures incorporate the insoluble 
cholesterol molecules during bile secretion, flow, and 
bile storage in the gallbladder. 









